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Honors Thesis for Michael Alfieri

ABSTRACT
This paper investigates the feasibility of non-traditional alternative investments in portfolios.
Non-traditional alternative investments are defined by this paper as collectibles, such as
classic cars, art, and wine. Some of these assets have been around for decades and are
increasingly becoming more available to investors. This asset class is grouped with assets that
are not easily tradable like traditional equities and bonds and do not generate cash flows. This
makes valuing the intrinsic value of collectibles difficult. However, academic research has
shown that non-traditional alternative investments do have a track record worth investing in.
Parts of the market are becoming securitized so that individual investors can own a share of a
collectible. With this growing popularity, this paper aims to find the feasibility of these
investments in an individual’s portfolio. Furthermore, it examines the optimal asset allocation
between traditional investments and non-traditional investments and compares the long-run
risk and return of these asset allocation strategies.
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INTRODUCTION
Alternative investments have become available to more investors as a result of innovation in
financial markets. There are various benefits to alternative investments that center around
diversification in a portfolio. However, because alternative investments are different than
traditional investing options, they bring unique risks that investors need to understand (Baird
Private Wealth Management). Alternative investments come in many different forms. There
are traditional alternative investments including hedge funds, private equity, venture capital,
real estate, and managed futures funds. However, non-traditional alternative investments have
been growing in popularity to the point where securitization is now playing an important role
in their availability (Vorsatz, 2019). These non-traditional alternative investments include
emotional assets like classic cars, art, wine, diamonds, gems, stamps and even LEGO sets.
This $21.1 trillion market is growing and being securitized so individual investors are now
able to invest in the market (Vorsatz, 2019). As financial innovation allows more investors to
have access to collectibles as an investment, understanding the investment characteristics is
crucial for portfolio management decisions.
Non-Traditional Alternative Investments
Non-traditional alternative assets do not generate cash flows, which is the main factor behind
defining intrinsic value. This makes the market for collectibles speculative, but as history has
shown, many assets have distinctive characteristics that derive their value. Just like equities
have value derived from future innovation, non-traditional alternative investments are similar
in which abstract value is derived. There used to be one main group of participants in the
market for collectibles. This group is referred to as collectors (Vorsatz, 2019). This group of
market participants have taken the item out of ordinary use and believe that the collectible is
unique, where other versions will not flood the market (Laurs, 2018). Collectors have a
passion for acquiring these items as an emotional asset with some potential for financial gain.
However, a new group of market participants has formed over the recent years. This group is
referred to as the speculators. They have begun buying and potentially securitizing
collectibles for financial gain. Speculators have a larger focus on financial gain than collectors
do, which has created a trade-off in the $21.1 trillion collectibles market (Vorsatz, 2019).
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Securitization of non-traditional alternative assets have given more investors opportunities to
gain exposure to the performance of these assets at a lower cost than owning the entire
physical asset. This has allowed many more investors to enter the market and become
speculators on the future value of the collectible or basket of collectibles they are investing in.
Return Distributions of Alternative Investments
Return distributions for alternative investments typically have a higher skewness and kurtosis
than traditional investments like equities and bonds (Cumming, 2014). Hence, measuring
alternative investments by using standard deviation may understate risk, particularly in shorter
investment horizons. Another contribution provided by Cumming’s research was that the
diversification benefits of alternative investments are actually greater than the suggestions
made by original Markowitz portfolio optimization theory. This finding means that the riskadjusted returns of portfolios with alternatives are greater than first theorized. Cumming’s
work only included traditional alternative investments but found that the optimal exposure to
alternatives was 42% of the portfolio. This was broken down into 20% of real estate exposure,
20% in U.S. Venture Capital and 2% in a Fund of Hedge Funds index (Cumming, 2014).
These returns outperformed the traditional Markowitz portfolio that defines risk using
standard deviation and eventually plots an efficient frontier to measure risk to reward. The
returns measured for the time horizon between 2004 and 2009 show that the asset allocation
outperforms in market upswings and downturns. The optimized portfolio generated excess
return over the Markowitz portfolio of 6% in 2007 and 5% in 2009 (Cumming, 2014). The
framework of adding collectibles to portfolios is based on the theory that collectibles may also
provide diversification benefits to improve risk-adjusted returns, as Cumming discovered this
was true for traditional alternative investments. Not only do alternative investments enhance
the risk-adjusted return for portfolios, but collectibles may be a viable addition to further
optimize portfolios that hold equities and bonds, along with traditional alternative
investments.
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Non-Traditional Assets in the Investment Landscape
One practical application of this theory is a story about Bruce P. McNall, former owner of the
Los Angeles Kings National Hockey League team. In March 1990, an article reported that
McNall was raising $75 million to fund a public limited partnership to buy and sell collectible
coins. In 1989, collectible coins appreciated by 30.2% and outperformed equity markets
(Cole, 1990). Even though the alternative investment landscape has shifted its focus to
different assets like art, wine, and classic cars, this is an early example of the securitization of
non-traditional alternative investments through a limited partnership investment vehicle.
Collectible coins performed significantly well during this time period where the compound
annual growth rate of the coin market was 16.6%, outperforming financial markets (Cole,
1990). An emerging platform for alternative investments is a company called Rally Rd. The
company was founded on the idea to allow investors invest in “blue-chip collectibles”.
Overall, Rally Rd intends to increase the access of alternative assets while providing liquidity
and affordability through securitizing the asset and selling shares (rallyrd.com/about). The app
now offers shares in classic cars, rare fashion accessories, original books, wine, and novelties
like baseball cards. The company values many of these assets based on comparables in the
market and using professionals to value the fair market value of the asset (Jasinski, 2019).
Ultimately, investor demand for non-traditional alternative investments has been growing in
recent years. The concept of securitization has benefitted the investors to the point where
portfolio optimization using non-traditional alternative investments may be possible for
investors as assets become more accessible due to technological innovation by firms like
Rally Rd.

LITERATURE REVIEW
Risk and Return Factors / Evolution of the Collectibles Market
The market for collectibles is beginning to operate in a “dual markets” fashion. An
equilibrium is forming between collectors and speculators by lowering overall transaction
costs to physical collectors by increasing a convenience yield for holding the asset (Vorsatz,
2019). A convenience yield is essentially a benefit that comes from holding the physical good
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in inventory rather than a derivative asset (Alquist, 2014). Convenience yields are often found
in commodity markets with an active futures component. The oil market is known for pricing
in convenience yields for holding physical barrels of oil instead of oil futures. Studies have
shown that convenience yields in the oil market are based on the theoretical storage of holding
the barrels of oil, expected values of oil stocks, and the expected demand for oil production
(Alquist, 2014). Using the concepts from these findings, convenience yields are being
observed in the market for collectibles to compensate the physical holder of the asset. The
“dual markets” theory shows that the introduction of securitization in the collectibles market
has justified an equilibrium between convenience yield and transaction costs to compensate
the collectors when demand is driven by speculators (Vorsatz, 2019). “Dual markets” are only
present when there is enough demand for the collectible. For example, speculators would not
be willing to own $2.06 trillion of securitized stamps and rugs, only collectors would be in
this market. However, speculators would pay a premium to own securitized assets of art and
sculptures that totaled $5.38 trillion (Vorsatz, 2019). It seems to signal that as markets grow,
speculators (investors) begin entering a market that was once dominated by collectors. Hence,
a “dual market” benefits both investors and collectors as markets grow and the markets
operate somewhat independently.

Vorsatz’s work (2019) provides a reason why non-traditional investments are increasing in
demand and how traditional alternative investments increased optimal portfolio returns. Table
1 shows the returns of various indices of collectibles compared to traditional assets from the
end of September 2006 to the end of September 2020. The next section is focused on deriving
the performance of alternative investments to investigate the feasibility in a portfolio. As
investments in classic cars are becoming more popular due to increased information
transparency and securitization offered by companies like Rally Rd, research shows that the
utility of this asset comes in two forms. This is measured in both an emotional dividend that
provides aesthetic pleasure and social status along with portfolio diversification (Laurs, 2018).
Certain non-traditional alternative investments have a higher emphasis on emotional
dividends than portfolio diversification, like classic cars, musical instruments, art, and wine.
Other non-traditional alternative investments are used more for portfolio diversification and
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speculative risk, like Bitcoin, stamps, rare coins and LEGOs. Nevertheless, non-traditional
alternative investments are priced uniquely because they do not generate cash flows. These
two factors of emotional dividends and portfolio diversification are the basic pricing
conventions that lay the foundation for valuation.
Table 1- Historical Returns of Collectibles and Traditional Assets

Classic Car Price Indices
Many price indices are able to be constructed for classic cars due to the depth of the market. A
General Price Index of classic cars has outperformed the nominal average returns of the S&P
500 by 0.20% from 1998 to 2017, however these figures did not include dividends. If
dividends are included, then the S&P 500 outperforms the General Price Index of classic cars.
Classic cars also underperformed gold by 3.50% in the same time horizon (Laurs, 2017).
These figures are important because it shows that the General Price Index is competitive to
financial assets available in the market. However, due to a lower level of transparency in the
classic car market than the equity or bond market, the General Price Index can be argued as an
inappropriate measure of return. Research shows that the Blue Chip Classics defined by the
Hagerty Group, a network of classic car aficionados and insurers, generated an average annual
nominal return of 12.50%. This return outperforms the S&P 500 over the time frame by
7.07% without including dividends and it outperforms the S&P 500 by 5.07% when adjusting
for reinvested dividends. Furthermore, the Ferrari Index generated average annual nominal
returns of 13.76% (Laurs, 2017). Similar to the idea of superior stock pickers like Warren
Buffet, Carl Icahn, Peter Lynch and William Ackman, understanding the intricacies of the
classic car market would provide a superior edge over the course of 1998 to 2017. In theory,
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as the market for classic cars keeps developing, picking the right investments can generate
alpha against the benchmark General Price Index for classic cars and it can provide excess
returns over financial assets.
Classical Items: Art, Stamps and Violins
The classic car example provides the modern framework for many other non-traditional
alternative investments. Investments in diamonds and gems have long been seen as a store of
value among high-net worth individuals. Both white and colored diamonds outperformed
financial assets from 1999 to 2010, where white diamonds acted more as a store of value and
colored diamonds appreciated much more speculatively (Renneboog, 2012). The main
limitation in this model is the time horizon. The findings prove that hard assets are a strong
store of value, but it is difficult to see the performance over a long investment horizon that
portrays markets more accurately. This time horizon includes The Dot Com Bubble and The
Great Recession which can skew the data to prove that diamonds outperformed financial
assets, but long-run performance is more indicative of determining if diamonds are feasible in
an individual portfolio.

Data on art, stamps and classical violins shows that the performance of those assets over time
outperform government bills, bonds and gold from 1900 to 2010. The only asset class that art,
stamps and classical violins did not outperform was equities which had a geometric mean
nominal return of 9.4% over the time horizon while art, stamps and violins recorded 6.4%,
6.9% and 6.5% respectively (Dimson, 2013). Similar to certain classic cars, these assets
seemed to act like a safe haven in many times. The nominal standard deviations for each of
the non-traditional assets were well below the nominal standard deviation for equities at
21.6% (Dimson, 2013). An important limitation of the study is that certain indices like the one
for stamps was updated every nine years to include the fifty most valuable British stamps
(Dimson, 2013). Selection bias is common in nearly every collectible index. Indices are
frequently updated to track the most sought-after collectibles within the category, whether it
be coins, cars, etc. This theoretically alters performance of assets because indices are being
updated to include the best assets, unlike an index for stocks. Even though selection bias is
present, the index methodology of collectibles still provides insight to the performance of
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those collectibles, it just should be understood that the bias is inherently built into the index.
Furthermore, as consumer and investor preferences change, it heavily impacts the underlying
value of a collectible because the value is directly dependent on the going market demand for
that item (Laurs, 2017). However, this analysis demonstrates that there might be use of nontraditional alternative investments in portfolios that lower overall risk while maximizing
returns. Furthermore, traditional optimization techniques do not always portray the practical
results of having alternative investments in a portfolio (Cumming, 2014). Finding the optimal
asset allocation for certain types of collectibles can provide a feasible approach to increase
portfolio optimization.
LEGO Sets
Many of the collectibles described up to this point are typically reserved for high-net worth
individuals. Even though securitization is allowing more investors to have access to these
markets, these items are still luxury assets with large price tags. However, a study conducted
on the average annual return of LEGOs showed that even cheaper toys can be included in
non-traditional alternative investments. The average annual return for the LEGO market is
11% with a large standard deviation between 25% and 28% (Dobrynskaya, 2018). Similar to
other assets described in the literature review, picking the right LEGO set can dramatically
change the return potential. Picking the right LEGO sets could earn nearly 4% to 5% in alpha
against the LEGO benchmark that was constructed (Dobrynskaya, 2018). Even though this
model only accounted for 20% of LEGO sets at most, it provides a modern approach to
investing in collectibles that are not luxury items. This study proves that collectibles do not
have to be artwork from the Renaissance or a classic car from the 1970s. This research also
demonstrates that the demand for investment funds that specialize in non-traditional
alternative investments might be higher than the market expects. If there were securitized
vehicles to invest in baskets of securities derived from collectibles that branch from art to
LEGO sets, the potential upside return and low correlation to financial assets may be heavily
demanded by investors.
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The Impact of Alternative Investments in Portfolios
The literature has demonstrated the need, demand, and feasibility of non-traditional
alternative investments in portfolios. As demonstrated, alternative investments have actually
increased the returns and lowered the risk of portfolios greater than the Markowitz effect
predicted (Cumming, 2014). One factor to keep into consideration is how alternative assets
are marked for performance. Because there is not continuous pricing for alternative assets like
public assets, returns are often smoothed based on these appraisal values. Without the live
pricing we get with public investments, private investments often have a lower volatility
which can prop up risk-adjusted returns in research. It is important to consider this when
constructing models that include alternative investments because the realized volatility is
typically greater than the one that is appraised.

Non-traditional alternative assets are difficult to value because they do not generate cash
flows. Therefore, much of the value relies on existing market demand which is derived from
the fundamental characteristics of the asset or speculative risk premium. As securitization
creates “dual markets” for certain collectibles where an equilibrium is found between
transaction costs and convenience yields, more speculators are able to enter a market that was
once only dominated by collectors (Vorsatz, 2019). This stems into the creation of companies
like Rally Rd and McNall’s rare coin public limited partnership (Cole, 1990). Furthermore, it
is demonstrated that many of the non-traditional alternative assets offer returns with a lower
standard deviation than traditional equity markets, while outperforming fixed income.

Even the introduction of LEGO sets as a traded asset that generates viable returns has bridged
the gap between luxury collectible asset to an affordable collectible asset (Dobrynskaya,
2018). LEGO sets are a bridge between Bitcoin and artwork. The rapid price appreciation
resembles more Bitcoin characteristics, while the resilience in downward markets is a feature
of a traditional collectible like artwork. However, LEGO sets also resemble classic cars in the
aspect that certain features can make a set more valuable than others. LEGO sets are also
available to retail investors, which produce tens of thousands of transactions for relevant data.
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There’s a strong link between LEGO sets and other collectibles, but it adds a new aspect of
not being part of a luxury market.

Just as stock pickers thrived in developing financial markets, there is a competitive edge for
those who can distinguish the right non-traditional assets for optimizing a portfolio. These
assets will generate less volatility and achieve higher returns over time. The additional
exposure to non-traditional asset classes may pose a similar reason for why hedge funds,
REITs, private equity and managed futures funds are sought after. An optimal portfolio for an
investor in the modern day may depend on finding uncorrelated assets outside of the financial
markets as markets become more connected through the global economy. Non-traditional
alternative assets are becoming more accessible through securitization and may be the optimal
selection for diversifying an investment portfolio in the modern world. Building upon the
research that determined the performance of these assets will lead to finding optimal asset
allocations for traditional investments and non-traditional alternative investments.

RESEARCH METHODOLOY
Data Methodology
As outlined in the literature review, there has been a significant amount of research proving
that the performance of collectibles as an asset class might yield diversification benefits
primarily through volatility reduction, but potentially through enhanced returns as well. The
purpose of this study is to combine the performance studies covered in the literature review
with the implementation of portfolio optimization between traditional assets, alternative
investments, and non-traditional alternative investments. One of the key assumptions in the
model is that no asset can be shorted, this is to factor in that investors cannot short
collectibles. This will be accomplished in a seven-step process. The first step is to identify the
collectibles that will be included in the basket of securities tested. The second step is to find
expected returns, create a variance-covariance matrix, and lastly, find skew and kurtosis of
each asset included in the study. Thirdly, specific assets will be selected to create four test
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portfolios of various assets to test the efficacy of adding collectibles to a portfolio. The fourth
step defines three categories of simulations will be run to optimize the portfolios:
1. Maximum Sharpe Ratio
2. Bind Skew to 0
3. Bind Kurtosis to 3
The fifth step revolves around timing. The available data range is from the end of September
2006 to September 2020. Because of this range, a test was constructed to include the entire
timespan along with a secondary test after the Global Financial Crisis in 2008. This test range
starts at the end of September 2009 and spans to September 2020. The next step involves
comparing the optimal portfolios for both time periods and noticing similarities and
differences. This will lead to the last step, which is comparing the optimal portfolios to
traditional investment theories. The last step answers the question: do collectibles enhance the
risk-adjusted return of portfolios?
Variables: Non-Traditional Alternative Assets
The goal of this study is to have a diverse set of collectibles in the basket of securities to
monitor the effect of risk-adjusted return from this emerging asset class. The first variables
are in the classic car category. Data from the Hagerty Group, a classic car insurer, is used to
measure the performance of multiple classic car categories. This research breaks down into
the Blue Chip, Affordable Classics, 1950s American, British Cars, Ferrari, German
Collectibles, and Muscle Cars as indices. Each of the values in the indices used assume the
car is in “#2 Excellent” condition. These cars are well restored or excellent original cars with
minimal wear (Gunnell, 2004). There are overlapping vehicles between the Blue Chip Index
and some of the other indices, which will impact optimization techniques. However, this will
be considered when the portfolios are constructed to make sure there are comparable
portfolios across asset classes.

The Blue Chip Index averages the values of 25 of the most demanded collectible cars of the
post-war era. The constituents of the Blue Chip Index can be seen in Appendix A. The
Affordable Classics Index averages the values of 12 cars under $40,000 from the 1950s1970s. Those constituents are in Appendix B. The 1950s American Index averages the values
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of 19 of the most demanded American cars in the 1950s, with its constituents listed in
Appendix C. The British Cars Index focuses on British sports cars from the 1950s-1970s. The
10 most iconic cars are averaged to create this index, located in Appendix D. Ferraris have
become a staple for collectible automobiles which likely provides the motivation for having
an index solely dedicated to Ferrari. The Ferrari Index constituents, located in Appendix E,
averages the value of the 13 most sought-after Ferraris from the 1950s-1970s. Appendix F
shows the cars included in the German Collectibles Index, which is an average of the values
of the 21 vehicles in highest demand from BMW, Mercedes-Benz, and Porsche from the
1950s-1970s. Lastly, the Muscle Cars Index averages the values of the rarest, in demand,
muscle cars. These vehicles come from the 1960s and form the index located in Appendix G
(Hagerty Classic Car Indices: Hagerty Valuation Tool). Each of these indices will be variables
in the model to test the effectiveness of different categories of classic cars as an asset class.

The next non-traditional asset is artwork. For the purposes of this research, the Global
Artprice Index measured in US Dollars. This index is based on all Fine Art auction results
recorded by artprice.com. Artprice has access to thousands of auction houses around the
world which factor into the values of each of their indices (Artpice.com). For the purposes of
this model, it did not make sense to include each Fine Art category (such as painting,
sculpture, etc.) individually because the aim of this study is to use index methodology for
broad exposure to the asset class of non-traditional alternative investments. The reason why
more classic car indices were used are because supply is more fixed in the classic car market
and there are only a certain number of options for investors, whereas the art market is much
larger which can misconstrue results. The categories of art included in the Artprice index is
located in Appendix H.

The market for wine will be measured by the Liv-ex Fine Wine 100 Index, which represents
the price movement of 100 of the most demanded wines in the secondary market. Fair values
of wines are measured by a regression analysis to measure the relationship between price and
quality (Liv-Ex). Most of the wines in the index come from the French regions of Bordeaux,
Burgundy, Champagne, and Rhone shown in Appendix I (Indices - Live-Ex).
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Variables: Financial Assets and Commodities
A number of equity and fixed income indices are used in the model to compensate for the
opportunity to invest in assets around the world. In terms of domestic investments, the S&P
500 Total Return Index is used to benchmark the overall equity market. For international
investment options, the MSCI EAFE Total Return Index is used to capture developed market
exposure. Lastly, the MSCI EM Total Return Index is used to benchmark emerging markets.
The S&P GSCI Commodity Index is also included as exposures to commodities typically
have a moderate correlation to equities. Commodities also perform well after recessionary
periods as economic growth expands.

Fixed Income indices incorporated into the study are the Bloomberg Barclays Global
Aggregate Total Return Index and the US Aggregate Total Return Index. These options from
Bloomberg Barclays Indices provide exposure to both domestic and international fixed
income investment grade securities.
Variables: Traditional Alternative Investments
Traditional alternative investments are a crucial area of this study in order to determine if
collectibles add an extra layer of benefits on top of what is already available to institutional
investors. The assumption is made that because collectibles are traded in a global market and
can have high carrying costs, investors will also have traditional alternative investments
available to them such as hedge funds, private equity, and venture capital. Even though hedge
funds strategies vary widely, this study includes the HFRI Equal Weighted Composite Index,
which equally weights the performance data of all of the reporting hedge funds into that
index. Even though there is a deep depth to the hedge fund area, using the equal weighted
index assumes that an investor would choose a diversified basket of hedge funds to invest in.
The Index measures 1,400 single-manager funds that report to the HFR Database and must
have $50 million in assets or a 12-month track record (HFRI Indices – Index Descriptions).

Private equity is split between buyout funds and venture capital. For these two investment
categories, the Thomson Reuters Private Equity Buyout and Thomson Reuters Venture
Capital Index are used to measure performance, respectively. Thomson Reuters constructs
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these indices to capture the performance of various sector portfolios of both buyout and
venture capital funds. These results are posted to each index respectively and serve as proxies
for private equity investments.

Lastly, the NCREIF Property Total Return Index (NPI) is used to measure the performance of
private real estate in the United States (NCREIF). Private real estate typically has a lower
correlation to public equities compared to REITs, which provides a useful proxy for private
real estate investing in the category of traditional alternative investments. The NPI return is
based on weighted market value and includes apartment, hotel, industrial, office, and retail
properties (NCREIF). These investments are sought out by institutional investors in the
private markets.
Non-Traditional Alternative Asset Portfolio Construction
Determining the portfolio construction is meant to show standalone performance of nontraditional alternative investments, but also use it to compare to all of the investment options
available. With this goal in mind, four main portfolios were constructed for the test. The first
portfolio includes all of the variables defined in the study shown in Figure 1. This is called the
Refined Model Portfolio.
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Figure 1- Refined Model Portfolio

The second portfolio, called the Just Collectibles Model in Figure 2, solely measures the
performance of collectibles, which includes all of the Hagerty classic car indices, the Global
Artprice Index, and the Liv-ex Fine Wine 100 Index.
While the results of this portfolio on their own will
not add much to the outcome of the research, it
provides a benchmark for how a portfolio of
collectibles would perform. The third portfolio is a
narrower version of the Refined Model Portfolio
which just includes the Hagerty Blue Chip Index to

Figure 2 - Just Collectibles Model

represent the investment in classic cars. The reasoning
behind this is to narrow down a broad index for classic car investing. Investors would likely
want to own exposure in “blue chips” before exploring different sectors of the asset class.
This also simplifies the model to see if other non-traditional alternatives are used as viable
investment options without having so many options to invest in classic cars. This portfolio is
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called the Just Blue Chip Model, as shown in Figure 3. Lastly, there is the Just Traditional
Model in Figure 4, which does not include any collectibles. The purpose of this portfolio is to
optimize a basket of equities, fixed income, and traditional alternatives to compare to the
Refined Model Portfolio and the Just Blue Chip Model.

Figure 4 - Just Traditional Model

Traditional Asset Portfolio Construction
Figure 3 - Just Blue Chip Model

Even though the optimized portfolios are
being compared to each other, it may also be important to compare the optimized portfolios to
traditional balanced portfolios. The first portfolio is based on the Vanguard Wellington Fund,
which has roughly 60% invested in US Large Cap, 8.50% in developed international equities,
1.50% in emerging markets, and 30% in global fixed income. This was reconstructed in the
model by allocating 60% to the S&P 500 Total Return Index, 8.50% allocated to the MSCI
EAFE Total Return Index, 1.50% allocated to the MSCI EM Total Return Index, and 30%
allocated to the Bloomberg Barclays Global Aggregate Total Return Index.

The next traditional portfolio is simply based on a 60% US Equity and 40% Bond portfolio.
This was constructed by allocating 60% of the weighting to the S&P 500 Total Return Index
and 40% to the Bloomberg Barclays US Aggregate Total Return Index. This portfolio
resembles a balanced portfolio used commonly by many investment firms.
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Expected Returns
Expected returns will be found using a simple average of the annual returns from the end of
September 2006 to the end of September 2020 and adjusted for the post Global Financial
Crisis study using the end of September 2009 as a start date. Expected returns are simply the
optimized weight multiplied by the average annual return of the asset. Portfolio expected
return is found by summing all of the weighted expected returns.
𝐸𝐸�𝑅𝑅𝑝𝑝 � = � 𝑤𝑤𝑖𝑖 ∗ 𝐸𝐸(𝑅𝑅𝑎𝑎 )
Standard Deviation
Standard deviation is used to measure the risk of investment and denoted by the following
formula.
𝜎𝜎 = �

∑(𝑥𝑥 − 𝑥𝑥̅ )2
𝑛𝑛 − 1

In order to find the standard deviation of a portfolio, a variance-covariance matrix was
constructed, and matrix multiplication was used. Covariance measures the joint probability
between two variables and is denoted by the following formula.
𝑐𝑐𝑐𝑐𝑐𝑐𝑥𝑥,𝑦𝑦 =

∑(𝑥𝑥𝑖𝑖 − 𝑥𝑥̅ )(𝑦𝑦𝑖𝑖 − 𝑦𝑦�)
𝑛𝑛 − 1

The variance-covariance matrix is formed using these statistical properties and matrix
multiplication is used with the optimal weightings of each asset to find the portfolio standard
deviation.
Sharpe Ratio Portfolio Optimization
Sharpe Ratio optimization is accomplished using Microsoft Solver in Excel which runs a
GRG (Generalized Reduced Gradient) nonlinear method. This allows the program to optimize
the portfolio to fit the correct weights and maximize the Sharpe Ratio to provide the superior
risk-adjusted return for each portfolio. This simulation is run for each portfolio (Refined
Model Portfolio, Just Collectibles Model, Just Blue Chip Model, and Just Traditional Model)
for both measurable time periods. The result is the optimal weights for each asset class. Using
these optimal weights, expected return, standard deviation, and maximized Sharpe Ratio are
calculated.
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𝑆𝑆ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 =

𝐸𝐸(𝑅𝑅𝑃𝑃 ) − 𝑅𝑅𝑟𝑟𝑟𝑟
𝜎𝜎𝑝𝑝

The risk-free rate is the average 3-month Treasury Bill over the measurable time period. In
the model before the Global Financial Crisis, the risk-free rate used in the Sharpe Ratio
Calculation was 1.11%. For the model beginning after the Global Financial Crisis, the average
risk-free rate was 0.53%.

After each portfolio receives the optimal weightings, those weightings are used to determine
the skew and kurtosis of each portfolio in order to see the higher moments of risk associated
with the optimal Sharpe Ratio portfolios.
Skew and Kurtosis Portfolio Optimization
Skew is one of the higher moments that allows investors to see if a portfolio is more likely to
deviate downward or upward and is denoted as the following equation.
∑(𝑥𝑥𝑖𝑖 − 𝑥𝑥̅ )3
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =
(𝑛𝑛 − 1) ∗ 𝜎𝜎 3

The goal in skew optimization is to find the optimal allocation to bind skew as close to zero as
possible. The result would be a portfolio that is nearly normally distributed, and the standard
deviation of that portfolio would be a more accurate measurement of the underlying volatility
of the assets. This optimization was also completed using Microsoft Solver to find the optimal
allocation for each of the four portfolios. The skew of each portfolio is measured with equal
weights to each asset as a placeholder before optimizing. The skewness of the portfolio is
found then the software can optimize the weightings to bind skewness to 0 for each portfolio.

The optimal weightings for each portfolio are then inputted into the variance-covariance
matrix to calculate portfolio standard deviation and the Sharpe Ratio.

Kurtosis measures the chance for extreme outliers to occur from a set of investment returns.
This is represented through the size of the statistical tails of a distribution of investment
returns.
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𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾 =

∑(𝑥𝑥𝑖𝑖 − 𝑥𝑥̅ )4
(𝑛𝑛 − 1) ∗ 𝜎𝜎 4

The purpose of kurtosis optimization is to limit extreme outliers from an asset allocation. This
metric can be important when considering alternative investments because it has been shown
that these assets can exhibit higher moments in their return distributions, which increases
volatility (Cumming, 2014). The goal of this simulation is to make the return distribution of
the portfolio as normal as possible through binding kurtosis to 3. Once again, the four
portfolios are optimized using Microsoft Solver to minimize kurtosis. Similar to the skew
optimization, equal weightings were assigned to each asset as placeholders to optimize the
portfolio weightings to bind kurtosis to 3.

Optimal weightings are then transferred over to the variance-covariance matrix to calculate
portfolio standard deviation and the Sharpe Ratio.

After running all of the tests for each time period, the optimal weightings for each portfolio
are examined along with each portfolio’s expected return, standard deviation, skewness,
kurtosis, and Sharpe Ratio. At this point, the research begins to show what optimal weightings
show superior risk-adjusted returns.
Constraints
In order to design the simulation around the practicality of investing in traditional assets and
both traditional and non-traditional alternative assets, a set of constraints was determined.
Traditional alternative assets must be less than or equal to 30% of the portfolio weighting,
whereas all alternative assets cannot exceed 40% of the portfolio weight. This essentially acts
as a liquidity constraint because institutional investors are unlikely to invest a majority of the
portfolio into illiquid assets, such as classic cars. The constraint on traditional alternative
assets is relaxed to 40% of the portfolio weighting in the Just Traditional Model because no
collectibles are included in that optimization. Furthermore, fixed income allocations cannot
exceed 40% of the portfolio weight. This is largely because of the time period the data is
collected. With falling interest rates over the entire time series, fixed income performs
substantially well, and it creates an overweight allocation in nearly every test. In order to
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mitigate the effects of the interest rate environment, the fixed income weighting was
constrained to 40% in order to match the traditional 60/40 portfolio compared to the
optimized portfolios.
Comparison to Traditional Portfolios
After comparing the optimized portfolios, the research study concludes with comparing the
risk-adjusted performance with the traditional portfolios outlined. It is during this analysis
where the data will show if the risk-adjusted performance of the optimized portfolios with
collectibles provides diversification benefits that compensate the investor in risk mitigation or
return enhancement. This is done through examining the same metrics used when comparing
the optimized portfolios.
Performance Characteristics of Variables
Before moving on to the results of the optimizations. The following data examines the
average returns, standard deviation, skewness, and kurtosis of each of the indices from the end
of September 2006 to the end of September 2020. Table 2 shows the average returns of each
index. The highlighted results demonstrate returns that were above the average of the average
returns. The Hagerty Blue Chip Index, Ferrari Index, and German Index all generated returns
above the average for all of the variables in the study. In terms of traditional assets, the S&P
500 Index and MSCI Emerging Markets Index generated above average returns when
measuring on a simple average basis. Lastly, the Thomson Reuters Private Equity Buyout and
Venture Capital Indices outperformed for traditional alternative assets.
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Table 2 - Average Index Returns

Table 3 shows the standard deviation, skewness, and kurtosis of each index.
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Table 3 - Risk Metrics of Variables

Overall, the standard deviation of collectibles is quite high with a few exceptions. This is
important in comparison to equities, but both private equity buyout and venture capital both
have large standard deviations as well. Most of the collectibles also have a positive skew
which means returns are greater than the mean, which might be able to mitigate the negative
skew of traditional investments. Kurtosis varies across many of the indices, but this data
shows that the return distributions of collectibles is likely not normally distributed.

Lastly, a correlation matrix can be established between the indices shown in Figure 5.
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Figure 5 - Correlation Matrix
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The outlined sections include those between the Hagerty Blue Chip Index, the Global Artprice
Index, and the Liv-ex Fine Win 100 Index to traditional investments. The Hagerty Blue Chip
Index essentially acts as a proxy for classic car investing which is why only that classic car
index was outlined. Furthermore, the data shows either weak negative correlations among
collectibles and traditional assets, or no correlation at all in the case of Artwork. There is a
moderate positive correlation among commodities and collectibles, which could be because
many of the commodities used for inputs into collectibles are in that index. Overall, the lack
of a strong correlation demonstrates that collectibles may be a tool for diversification through
portfolio optimization.

DISCUSSION OF RESULTS
For the purposes of reporting the results of the study, the first simulation refers to the time
period from the end of September 2006 to the end of September 2020 and the second
simulation refers to the time period from the end of September 2009 to the end of September
2020. The primary study used was Sharpe Ratio Optimization, while optimizing for skewness
and kurtosis were conducted, those techniques are not as useful for comparing risk-adjusted
returns. The portfolios optimized for skewness and kurtosis can be found in the Appendix and
include brief commentary in this section.
Sharpe Ratio Optimized Portfolios
The Sharpe Ratio optimized portfolios determined that adding collectibles to portfolios
increase the overall risk-adjusted return, mostly through lowering standard deviation. Both
simulations before, and after, the Global Financial Crisis included investments in Collectible
Cars and exposure to Fine Wines, but not Artwork. In the Refined Model Portfolio, the first
simulation allocated 15% to the Hagerty Blue Chip Index, 11% to the Hagerty Affordable
Classics Index, and 3% to Fine Wines. With nearly 29% of the portfolio in collectibles, the
model also included weightings of 20% to the S&P 500 and 40% to US Aggregate Bonds.
The remaining allocation was placed into Private Equity Buyout and Venture Capital
(Appendix J). The second simulation included a smaller allocation to classic cars and in a
different category. 24% was allocated to the Hagerty British Cars Index. 1% to Artwork, and
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10% to Fine Wines. This likely shows that the Hagerty Blue Chip and Affordable Classics
may offer more downside protection in terms of financial market volatility. This model found
similar optimal weightings in the S&P 500 and US Aggregate Bonds being 18% and 40%,
respectively. The model also allocated 2% to MSCI EAFE and 6% to Venture Capital. A
lower allocation to traditional alternatives was recorded in this simulation compared to the
first simulation (Appendix J).

The most important results from the Just Collectibles Model showed that when given only
collectible investments, the allocations to the Hagerty Affordable Classics Index was much
greater than the indices that specialized in specific types of cars, like the Ferrari Index. The
Blue Chip Index had roughly 4% of the weighting in each simulation. Furthermore,
weightings were also significant in Fine Wines, with no allocation to Artwork. (Appendix K).

When constraining the classic car investment options to only the Hagerty Blue Chip Index for
the Just Blue Chip Portfolio, both simulations found that allocating 18% and 5% to Blue Chip
Cars, respectively, optimized the portfolio to have the greatest Sharpe Ratio. However, there
was an incredibly small allocation to Fine Wines in the first simulation. The S&P 500
represented 20% of the allocation and US Aggregate Bonds were 40%. The remaining
allocations were split across Private Equity Buyout, Venture Capital, and Real Estate. The
second simulation did include Fine Wines at approximately 7% of the portfolio. Venture
Capital and Real Estate made up nearly 28% of the portfolio with the rest of the allocation in
the S&P 500 and US Aggregate Bonds (Appendix L). The Just Traditional Model shows a
similar result where the majority of the weight was in US Fixed Income and Traditional
Alternatives, primarily Venture Capital and Real Estate (Appendix M).

The brief overview of the optimal weightings allows some insight into portfolio construction.
The significance of these weightings come in the performance of the portfolios. The Just Blue
Chip Model had a larger Sharpe Ratio than the Just Traditional Model, which excludes
collectibles as investments. The Refined Model Portfolio also logged a larger Sharpe Ratio
than the Just Traditional Model. In the first simulation, the Sharpe Ratio for the Refined
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Model Portfolio was 1.74, whereas the Just Traditional Model was 0.88. The Just Blue Chip
Portfolio exceeded the Just Traditional Model as well with a Sharpe Ratio of 2.36. In the
second simulation, the Refined Model Portfolio had a Sharpe Ratio of 3.98, 2.90 for the Just
Blue Chip Model, and 2.65 for the Just Traditional Model. These results are summarized in
Figures 6 and 7. The portfolios that included collectibles either maintained the same return as
the Just Traditional model or returned greater. However, the main improvement is the
reduction in standard deviation by over 1% as shown in Tables 4, 5, and 6. All portfolio
metrics are located in Appendix N.

Figure 6 – Risk-Adjusted Returns for Sharpe Ratio Optimized Portfolios (End of September 2006 – September 2020)
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Figure 7 - Risk-Adjusted Returns for Sharpe Ratio Optimized Portfolios (End of September 2009 - End of September 2020)

Table 4 - Sharpe Ratio Optimization Metrics: Refined Model Portfolio

Table 5 - Sharpe Ratio Optimization Metrics: Just Blue Chip Model
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Table 6 - Sharpe Ratio Optimization Metrics: Just Traditional Model

The simulations also showed that a portfolio only including collectibles does not offer a riskadjusted return that is advantageous over traditional investment options. The Just Collectibles
Model had a Sharpe Ratio in the first simulation of 1.05 and 1.75 in the second simulation,
whereas the Just Traditional Model’s Sharpe Ratios were 0.88 and 2.65, respectively. These
results show that collectibles add a diversification benefit when attempting to optimize riskadjusted performance through the Sharpe Ratio, but do not overtake other investment options.
Skew Optimized Portfolios
Even though the Sharpe Ratio Optimization is the main outcome of the research study, due to
the risk of higher skew and kurtosis in alternative investments, it is important to optimize
according to the higher moments to see if there are any adverse results. When binding skew to
0 for the Refined Model Portfolio, it yielded a lower expected return and lower standard
deviation than the Just Traditional Model. However, the portfolio did have a lower standard
deviation than the Just Traditional Model by over 2% in the first simulation. Overall, the
Sharpe Ratios for the Refined Model Portfolio were 1.12 for the first simulation and 1.46 for
the second simulation. The Just Traditional Model produced 0.87 and 1.87, respectively
(Appendix O). The results are shown in Figure 8.
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Figure 8 - Risk-Adjusted Returns of Skew Optimized Portfolios

In comparison, the Just Blue Chip Model yielded lower expected returns and higher standard
deviation than the Just Traditional Model, which yielded a lower Sharpe Ratio when binding
skew to 0. As expected, the Just Collectibles Model also underperformed the Just Traditional
Model which was exhibited in the Sharpe Ratio Optimization as well. The optimal weightings
for the Skew Optimized Portfolios are summarized in Appendix P.
Kurtosis Optimized Portfolios
The results of the Kurtosis Optimized Portfolios does not say much about the usefulness of
collectibles in a portfolio. Appendix Q summarizes the portfolio statistics of the Kurtosis
Optimized Portfolios. Appendix R includes the optimal weightings for the Kurtosis Optimized
Portfolios.
Risk and Return of Optimized Portfolios and Traditional Portfolios
With the results of the primary purpose of this study discussed, another factor to be measured
was how these optimizations differ from passive strategies. The results of the Vanguard
Wellington Portfolio, and a 60/40 Equity to Fixed Income Portfolio represent a passive
benchmark to compare against the optimized portfolios.
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The results show higher expected returns and lower standard deviations for the optimized
portfolios with collectibles. Figure 9 demonstrates the expected return and standard deviation
of the optimized portfolios compared to the traditional portfolios for the first simulation and
Figure 10 shows the same results for the second simulation for the Sharpe Ratio Optimized
portfolios.

Figure 9 - Risk and Return Metrics (End of September 2006 - September 2020)
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Figure 10 - Risk and Return Metrics (End of September 2009 - September 2020)

The outcome of this comparison shows that collectibles do add diversification benefits to
investment portfolios. The Refined Model Portfolio and the Just Blue Chip Model do not
sacrifice a significant amount of expected return while greatly reducing the standard
deviation. This data is then summarized in Figures 11 and 12, which shows the Sharpe Ratios
of all of the portfolios for both simulations. The portfolios including collectibles have larger
risk-adjusted returns than the optimized Just Traditional Model and the traditional investment
portfolios.
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Figure 11 - Sharpe Ratios of Optimized Portfolios and Traditional Portfolios (End of September 2006 - September 2020)

Figure 12 - Sharpe Ratios of Optimized Portfolios and Traditional Portfolios (End of September 2009 - September 2020)
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Total Return Analysis
A total return analysis attempts to piece all of these results together when examining risk and
return. Figure 13 shows the total return for the first simulation between the Sharpe Ratio
Optimized Portfolios.

Figure 13 - Total Return Analysis: Sharpe Ratio Optimized Portfolios (End of September 2006 – September 2020)

The Just Blue Chip Model outperformed all of the portfolios, marking a 219% return over this
time period. Furthermore, the Refined Model Portfolio also outperformed with a 200% return.
In comparison, the Just Traditional Model returned 178% and the Vanguard Wellington
Portfolio returned 165% along with the 60/40 Portfolio returning 176%. The portfolios with
collectibles outperform the traditional portfolios when optimizing for Sharpe Ratio. The
diversification benefits during market volatility aid the portfolios that hold collectibles instead
of only traditional assets.

The second simulation yields different results than the first simulation in terms of total return.
Figure 14 shows the Sharpe Ratio Optimized portfolios. The portfolios with collectibles lag
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the traditional portfolios. The Refined Model Portfolio returned 115% and the Just Blue Chip
Portfolio returned 105%, whereas the Vanguard Wellington Portfolio and 60/40 US Portfolio
returned 170% and 179%, respectively. Even with larger risk-adjusted returns, the portfolios
with collectibles underperformed in this time period. However, the reduction in volatility is
fairly significant as capital grows consistently as exhibited in Figure 14.

Figure 14 - Total Return Analysis: Sharpe Optimized Portfolios (End of September 2009 – September 2020)

RESEARCH ISSUES AND FURTHER CONSIDERATIONS
A main consideration that has become apparent during this research is time period bias. Only
having data from the end of September in 2006 creates a unique circumstance with the
Financial Crisis soon thereafter. While running both simulations before, and after, the
Financial Crisis hopes to mitigate this consideration, there are still economic factors that make
certain assets perform differently over those time periods. With the onset of COVID-19 in
2020, a similar thought is provoked, although there has been plenty of bull market years
preceding it.
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Index methodology is useful for comparing the performance of assets over time. However,
when it comes to investing in collectibles, there is no investable index. So, while an investor
could certainly invest into the constituents of these indices, there are many factors that
determine the value of the underlying assets. Collectibles are also more scarce than public
securities which can make it difficult to gain exposure to certain assets if there is not a current
market for them. These factors are discussed in the supporting academic work in the literature
review. Many of these indices also must be reconstituted in order to reflect the market, which
creates selection bias. This type of subjectivity from the index provider can influence the
performance of the indices more than traditional index methodology, like the S&P 500.

Investing in collectibles has added transaction fees that reduce net returns in the long-run.
These can include transaction costs, storage costs, and liquidity costs. While these costs are
may be factored into premiums in terms of valuing the asset, it is not taken into consideration
for the performance of the assets in this study. Collectibles are illiquid assets which create
opportunity costs for holding the assets. All investors have different types of liquidity needs
but investing in collectibles is one of the most illiquid ways to invest capital. This can
negatively impact portfolio efficiency, depending on the investor’s expected and unexpected
need for liquidity.

Lastly, collectibles do not provide cash flows in which they can be valued like an equity or
fixed income security. Value is derived from auctions and comparable prices, which can
largely be driven by emotional factors. What is considered valuable at a certain time may not
be in the future, so it is subject to replacement bias.

CONCLUSION
In conclusion, this paper has determined that the growing asset class of Non-Traditional
Alternative Assets can be an additional component of portfolio structure for portfolios with
long horizons. The first simulation between the end of September 2006 to the end of
September in 2020 includes two major economic downturns in which collectibles provided a
store of value when equity markets declined. This is further supported by collectibles not
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having a significant correlation to both public investments and traditional alternative
investments. Obviously, there are some collectibles that correlated with public market
investments more than others, but in general this was not the case.

Collectibles acted as a store of value during market volatility which lowered standard
deviation and increased risk-adjusted returns over this investment horizon. Maximizing a
portfolio according to Sharpe Ratio will likely lead to the most effective results over time.
This research tells us less about the optimal weightings for collectibles and more about the
diversification benefits of holding collectibles as investment assets. An asset particularly like
Fine Wines was included in almost all of the optimal portfolios along with allocations to
Classic Cars, whereas Artwork was more of a store of value to reduce negatively skewed
returns. Even the portfolios created by the Sharpe Ratio Optimization had a lower skew than
the portfolios holding traditional assets over this time period, signaling that targeting skew on
its own might not be as effective. The most significant part of this research shows that
collectibles on their own do not substitute traditional alternative investments but outperform
optimized portfolios that just use public securities and traditional alternative investments.

As the markets for collectibles become more accessible to investors through platforms like
RallyRd, allocating to collectibles may be at a lessor cost than having to buy assets and store
them. This will likely allow for more efficient portfolio management and perhaps greater
liquidity in which these assets can be valued more frequently and hence, provide more data to
measure the risk-adjusted performance of portfolios that hold them. Ultimately, collectibles as
an asset class can be shown to enhance risk-adjusted returns based on this study.
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APPENDICES
Appendix A – Hagerty Blue Chip Index Constituents
Item Name
1967 Chevrolet Corvette 2dr Convertible 8-cyl. 427cid/435hp 3x2bbl L71

#2 Excellent

1957 Mercedes-Benz 300SL Gullwing 2dr Coupe 6-cyl. 2996cc/240hp Bosch FI

#2 Excellent

1966 Shelby Cobra 427 (CSX3300 - CSX3360) 2dr Roadster 8-cyl. 427cid/425hp 2x4bbl

#2 Excellent

1965 Shelby GT350 2dr Fastback 8-cyl. 289cid/306hp 4bbl

#2 Excellent

1969 Toyota 2000GT 2dr Coupe 6-cyl. 1988cc/150hp 3x2bbl DOHC

#2 Excellent

1959 Maserati 5000GT Frua 2dr Coupe 8-cyl. 4941cc/380hp 4x2bbl

#2 Excellent

1958 Ferrari 250 California LWB 2dr Spider (closed headlight) 12-cyl. 2953cc/240hp 3
Weber Carbs
1954 Lancia Aurelia B24 2dr Spider America 6-cyl. 2451cc/118hp 2bbl
1972 Iso Grifo IR9 Can Am 2dr Coupe 8-cyl. 6998cc/400hp 4bbl
1970 Plymouth Cuda 2dr Convertible 8-cyl. 426cid/425hp 2x4bbl Hemi
1958 Bentley S1 Continental Coachbuilt 2dr Drophead Coupe 6-cyl. 4887cc/178hp
2x1bbl SU
1964 Alfa Romeo TZ-2 2dr Coupe 4-cyl. 1570cc/112hp 2x2bbl

#2 Excellent
#2 Excellent
#2 Excellent
#2 Excellent
#2 Excellent
#2 Excellent

1963 Mercedes-Benz 300SL 2dr Roadster 6-cyl. 2996cc/250hp Bosch FI

#2 Excellent

1953 Chevrolet Corvette 2dr Roadster 6-cyl. 235cid/150hp 3x1bbl

#2 Excellent

1965 Aston Martin DB5 2dr Saloon 6-cyl. 3995cc/282hp 3x1bbl SU

#2 Excellent

1973 Porsche 911 Carrera RS 2.7 2dr Coupe 6-cyl. 2687cc/210hp MFI
1948 Tucker 48 4dr Sedan 6-cyl. 335cid/166hp 2bbl

#2 Excellent
#2 Excellent

1963 Shelby Cobra 289 R&P 2dr Roadster 8-cyl. 289cid/271hp 4bbl

#2 Excellent

1954 Jaguar D-Type 2dr Roadster 6-cyl. 3442cc/250hp 3x2bbl Weber

#2 Excellent

1958 Porsche 356A 1600 Super 2dr Speedster 4-cyl. 1582cc/88hp 2x1bbl

#2 Excellent

1963 Ferrari 250 California SWB 2dr Spider (closed headlight) 12-cyl. 2953cc/280hp 3
Weber Carbs
1957 Rolls-Royce Silver Cloud I HJ Mulliner 2dr Drophead Coupe 6-cyl. 4887cc/NA hp
2x1bbl

#2 Excellent
#2 Excellent

1968 Ferrari 275 GTB/4 2dr Coupe 12-cyl. 3286cc/320hp 6 Weber Carbs

#2 Excellent

1959 BMW 507 2dr Roadster 8-cyl. 3168cc/150hp 2x2bbl

#2 Excellent

1971 Lamborghini Miura P400 SV 2dr Coupe 12-cyl. 3929cc/385hp 4x3bbl Weber

#2 Excellent
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Appendix B – Hagerty Affordable Classics Index Constituents
Item Name
1967 Volkswagen Beetle 2dr Sedan 4-cyl.
1493cc/53hp 1bbl

#2 Excellent

1969 American Motors Javelin 2dr Fastback 8-cyl.
343cid/280hp 4bbl

#2 Excellent

1949 Buick Roadmaster Model 76S 2dr Sedanet 8-cyl.
320cid/150hp 2bbl

#2 Excellent

1967 Volkswagen Karmann Ghia 2dr Coupe 4-cyl.
1493cc/53hp 1bbl

#2 Excellent

1972 Porsche 914 2.0 2dr Targa 4-cyl. 1971cc/91hp FI

#2 Excellent

1963 MG MGB Mk I 2dr Roadster 4-cyl. 1798cc/95hp
2x1bbl

#2 Excellent

1971 Datsun 240Z 2dr Coupe 6-cyl. 2393cc/151hp
2x1bbl

#2 Excellent

1965 Chevrolet Corvair Monza 2dr Convertible 6-cyl.
164cid/110hp 2x1bbl

#2 Excellent

1965 Ford Mustang GT 2dr Coupe 8-cyl.
289cid/225hp 4bbl

#2 Excellent

1972 Triumph TR6 2dr Convertible 6-cyl.
2498cc/106hp 2x1bbl

#2 Excellent

1963 Studebaker Avanti 2dr Coupe 8-cyl.
289cid/240hp 4bbl

#2 Excellent

1962 Studebaker Lark Regal 2dr Convertible 6-cyl.
170cid/112hp 1bbl

#2 Excellent

1970 Chevrolet Camaro SS 2dr Sport Coupe 8-cyl.
350cid/300hp 4bbl L48

#2 Excellent
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Appendix C – Hagerty 1950s American Index Constituents
Item Name
1959 Cadillac Eldorado Biarritz 2dr Convertible 8-cyl. 390cid/345hp 3x2bbl
1955 Packard Caribbean 2dr Convertible 8-cyl. 352cid/275hp 2x4bbl
1957 Ford Thunderbird 2dr Convertible 8-cyl. 292cid/212hp 2bbl
1957 Ford Fairlane 500 Skyliner 2dr Retractable Hardtop 8-cyl. 292cid/212hp 2bbl
1958 Studebaker Golden Hawk 2dr Hardtop Coupe 8-cyl. 289cid/275hp 2bbl SC
1956 Ford Fairlane Sunliner 2dr Convertible 8-cyl. 272cid/173hp 2bbl
1950 Oldsmobile 88 Deluxe 4dr Station Wagon 8-cyl. 303.7cid/135hp 2bbl
1959 Chrysler 300E 2dr Convertible 8-cyl. 413cid/380hp 2x4bbl
1957 Chrysler 300C 2dr Convertible 8-cyl. 392cid/375hp 2x4bbl
1953 Hudson Hornet 2dr Club Coupe 6-cyl. 308cid/145hp 2bbl
1953 Cadillac Eldorado 2dr Convertible 8-cyl. 331cid/210hp 4bbl
1958 Chrysler 300D 2dr Convertible 8-cyl. 392cid/380hp 2x4bbl
1956 Continental Mark II 2dr Sport Coupe 8-cyl. 368cid/285hp 4bbl

#2
Excellent
#2
Excellent
#2
Excellent
#2
Excellent
#2
Excellent
#2
Excellent
#2
Excellent
#2
Excellent
#2
Excellent
#2
Excellent
#2
Excellent
#2
Excellent
#2
Excellent

1957 Pontiac Bonneville 2dr Convertible 8-cyl. 347cid/317hp FI

#2
Excellent

1953 Oldsmobile Ninety-Eight Fiesta 2dr Convertible Coupe 8-cyl. 304cid/165hp
4bbl

#2
Excellent

1958 Cadillac Eldorado Brougham 4dr Sedan 8-cyl. 365cid/335hp 3x2bbl

#2
Excellent

1954 Buick Skylark Model 100 2dr Convertible 8-cyl. 322cid/200hp 4bbl
1958 Chevrolet Bel Air Impala 2dr Convertible 8-cyl. 283cid/185hp 2bbl
1957 Chevrolet Bel Air 2dr Convertible 8-cyl. 265cid/162hp 2bbl
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Appendix D – Hagerty British Cars Index Constituents

Item Name
1963 MG MGB Mk I 2dr Roadster 4-cyl. 1798cc/95hp 2x1bbl

#2 Excellent

1961 MG MGA 1600 Mk I 2dr Roadster 4-cyl. 1588cc/78hp 2x1bbl

#2 Excellent

1955 MG TF 1500 2dr Roadster 4-cyl. 1466cc/63hp 2x1bbl SU

#2 Excellent

1972 Triumph TR6 2dr Convertible 6-cyl. 2498cc/106hp 2x1bbl

#2 Excellent

1956 Austin-Healey 100 M BN2 Le Mans 2dr Roadster 4-cyl.
2660cc/110hp 2x1bbl

#2 Excellent

1967 Sunbeam Tiger Mk II 2dr Convertible 8-cyl. 4737cc/200hp
2bbl

#2 Excellent

1965 Jaguar E-Type SI 4.2 2dr Roadster 6-cyl. 4235cc/265hp
3x1bbl SU

#2 Excellent

1962 Triumph TR3A 2dr Roadster 4-cyl. 1991cc/100hp 2x1bbl

#2 Excellent

1964 Austin-Healey 3000 Mk III BJ8 2dr Convertible 6-cyl.
2912cc/150hp 2x1bbl

#2 Excellent

1954 Jaguar XK 120 2dr Roadster 6-cyl. 3442cc/160hp 2x1bbl

#2 Excellent
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Appendix E – Hagerty Ferrari Index Constituents
Item Name
1966 Ferrari 330 GT SII 2dr Coupe 2+2 12-cyl. 3967cc/300hp 3 Weber
Carbs

#2 Excellent

1957 Ferrari 410 Superamerica SIII 2dr Coupe (closed headlight) 12-cyl.
4963cc/340hp 3x2bbl Webers

#2 Excellent

1963 Ferrari 250 LM 2dr Coupe 12-cyl. 3286cc/320hp 6 Weber Carbs

#2 Excellent

1968 Ferrari 330 GTC 2dr Coupe 12-cyl. 3967cc/300hp 3 Weber Carbs

#2 Excellent

1958 Ferrari 250 California LWB 2dr Spider (closed headlight) 12-cyl.
2953cc/240hp 3 Weber Carbs

#2 Excellent

1972 Ferrari Dino 246 GTS 2dr Spider 6-cyl. 2419cc/195hp 3 Weber Carbs

#2 Excellent

1972 Ferrari 365 GTB/4 Daytona 2dr Coupe 12-cyl. 4390cc/352hp 6 Weber
Carbs

#2 Excellent

1963 Ferrari 250 GT Lusso 2dr Coupe 12-cyl. 2953cc/240hp 3 Weber Carbs

#2 Excellent

1960 Ferrari 250 GT 2dr Coupe 12-cyl. 2953cc/240hp 3 Weber Carbs

#2 Excellent

1972 Ferrari 365 GTS/4 Daytona 2dr Spider 12-cyl. 4390cc/352hp 6 Weber
Carbs

#2 Excellent

1963 Ferrari 250 California SWB 2dr Spider (closed headlight) 12-cyl.
2953cc/280hp 3 Weber Carbs

#2 Excellent

1963 Ferrari 250 GT SWB 2dr Coupe 12-cyl. 2953cc/280hp 3 Weber Carbs

#2 Excellent

1968 Ferrari 275 GTB/4 2dr Coupe 12-cyl. 3286cc/320hp 6 Weber Carbs

#2 Excellent
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Appendix F – Hagerty German Collectibles Index Constituents
Item Name
1957 Mercedes-Benz 300SL Gullwing 2dr Coupe 6-cyl. 2996cc/240hp
Bosch FI
1970 Mercedes-Benz 280SE 3.5 2dr Cabriolet 8-cyl. 3499cc/230hp Bosch
FI

#2 Excellent
#2 Excellent

1965 Porsche 356C 1600 SC 2dr Coupe 4-cyl. 1582cc/95hp 2x2bbl

#2 Excellent

1962 Mercedes-Benz 190SL 2dr Convertible 4-cyl. 1897cc/120hp 2x2bbl
Solex

#2 Excellent

1972 Porsche 911 S 2dr Coupe 6-cyl. 2341cc/210hp FI

#2 Excellent

1956 Porsche 356A 1500 GS Carrera 2dr Speedster 4-cyl. 1498cc/128hp
2x1bbl

#2 Excellent

1959 Porsche 356A 1600 Super 2dr Coupe 4-cyl. 1582cc/88hp 2x1bbl

#2 Excellent

1948 Porsche 356 Gmund 2dr Coupe 4-cyl. 1086cc/46hp 2bbl

#2 Excellent

1971 Mercedes-Benz 280SL 2dr Convertible 6-cyl. 2778cc/180hp Bosch
FI
1955 Mercedes-Benz 300Sc 2dr Cabriolet 6-cyl. 2996cc/175hp Bosch FI

#2 Excellent
#2 Excellent

1962 Porsche 356B S90 2dr Roadster 4-cyl. 1582cc/90hp 2x2bbl

#2 Excellent

1963 Mercedes-Benz 300SL 2dr Roadster 6-cyl. 2996cc/250hp Bosch FI

#2 Excellent

1973 BMW 3.0CSL Batmobile 2dr Coupe 6-cyl. 3003cc/200hp FI

#2 Excellent

1967 Porsche 911 S 2dr Targa 6-cyl. 1991cc/180hp 2x1bbl

#2 Excellent

1979 BMW M1 2dr Coupe 6-cyl. 3453cc/277hp FI

#2 Excellent

1973 Porsche 911 Carrera RS 2.7 2dr Coupe 6-cyl. 2687cc/210hp MFI

#2 Excellent

1979 Porsche 911 Carrera Turbo 2dr Coupe 6-cyl. 3299cc/265hp FI

#2 Excellent

1958 Porsche 356A 1600 Super 2dr Speedster 4-cyl. 1582cc/88hp 2x1bbl

#2 Excellent

1973 BMW 2002tii 2dr Sedan 4-cyl. 1990cc/130hp MFI

#2 Excellent

1970 Mercedes-Benz 600 4dr Sedan 8-cyl. 6329cc/300hp Bosch FI

#2 Excellent

1959 BMW 507 2dr Roadster 8-cyl. 3168cc/150hp 2x2bbl

#2 Excellent
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Appendix G – Hagerty Muscle Cars Index Constituents
Item Name
1970 Plymouth Road Runner Superbird 2dr Hardtop Coupe 8cyl. 426cid/425hp 2x4bbl Hemi

#2 Excellent

1965 Pontiac LeMans GTO 2dr Convertible 8-cyl. 389cid/360hp
3x2bbl

#2 Excellent

1968 Mercury Cougar GT-E 2dr Hardtop Coupe 8-cyl.
428cid/335hp 4bbl

#2 Excellent

1968 Chevrolet Camaro Yenko 2dr Sport Coupe 8-cyl.
427cid/425hp 4bbl L72

#2 Excellent

1969 American Motors AMX SS 2dr Fastback 8-cyl.
390cid/340hp 4bbl

#2 Excellent

1965 Shelby GT350 2dr Fastback 8-cyl. 289cid/306hp 4bbl

#2 Excellent

1970 Plymouth Cuda AAR 2dr Hardtop Coupe 8-cyl.
340cid/290hp 3x2bbl Six Pack

#2 Excellent

1968 Shelby GT500 KR 2dr Convertible 8-cyl. 428cid/335hp 4bbl
Cobra Jet

#2 Excellent

1970 Chevrolet Chevelle SS 454 2dr Sport Coupe 8-cyl.
454cid/450hp 4bbl LS6

#2 Excellent

1970 Plymouth Cuda 2dr Convertible 8-cyl. 426cid/425hp 2x4bbl
Hemi

#2 Excellent

1970 Buick GS 455 2dr Convertible 8-cyl. 455cid/350hp 4bbl

#2 Excellent

1970 Oldsmobile 4-4-2 W-30 2dr Holiday Coupe 8-cyl.
455cid/370hp 4bbl

#2 Excellent

1969 Dodge Charger 500 2dr Hardtop Coupe 8-cyl.
426cid/425hp 2x4bbl Hemi

#2 Excellent

1964 Chevrolet Impala SS 2dr Convertible 8-cyl. 409cid/425hp
2x4bbl L80

#2 Excellent

1969 Ford Mustang Boss 429 2dr SportsRoof 8-cyl.
429cid/375hp 4bbl

#2 Excellent

- 43 -

Non-Traditional Alternative Investments: The Feasibility of Collectibles in a Portfolio
Honors Thesis for Michael Alfieri
Appendix H – Artprice Index Categories
Global Index (USD)
Global Index (EUR)
Painting
Sculpture
Photography
Drawing
Print
Old Masters
19th Century
Modern Art
Post-War
Contemporary
USA (USD)
UK (GBP)
France (EUR)

- 44 -

Non-Traditional Alternative Investments: The Feasibility of Collectibles in a Portfolio
Honors Thesis for Michael Alfieri
Appendix I – Liv-Ex Fine Wine 100 Index Constituents
Region
Australia
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)

Wine
Penfolds, Grange
Angelus
Cheval Blanc
Cheval Blanc
Cheval Blanc
Cheval Blanc
Cos d'Estournel
Cos d'Estournel
Ducru Beaucaillou
Haut Bailly
Haut Brion
Haut Brion
Haut Brion
Haut Brion
Haut Brion
Lafite Rothschild
Lafite Rothschild
Lafite Rothschild
Lafite Rothschild
Lafite Rothschild
Lafite Rothschild
Latour
Latour
Latour
Latour
Leoville Las Cases
Leoville Poyferre
Lynch Bages
Margaux
Margaux
Margaux
Margaux
Margaux
Mission Haut Brion
Mission Haut Brion
Montrose
Mouton Rothschild
Mouton Rothschild
Mouton Rothschild
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2008
2010
2000
2005
2006
2009
2009
2016
2009
2009
2000
2005
2009
2010
2015
2005
2006
2009
2010
2015
2016
2000
2005
2009
2010
2005
2010
2009
2000
2005
2009
2010
2015
2005
2009
2010
2000
2005
2006
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Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux (Red)
Bordeaux
(White)
Burgundy (Red)
Burgundy (Red)
Burgundy (Red)
Burgundy (Red)
Burgundy (Red)
Burgundy (Red)
Burgundy (Red)
Burgundy (Red)
Burgundy (Red)
Burgundy (Red)
Burgundy (Red)
Burgundy
(White)
Burgundy
(White)
Burgundy
(White)
Burgundy
(White)
Champagne
Champagne
Champagne
Champagne
Champagne
Champagne
Champagne
Champagne
Champagne
Italy

Mouton Rothschild
Mouton Rothschild
Mouton Rothschild
Palmer
Pavie
Pavie
Petrus
Petrus
Pichon Baron
Pontet Canet
Pontet Canet
Smith Haut Lafitte

2009
2010
2015
2009
2005
2010
2009
2010
2010
2009
2010
2009

Yquem
Armand Rousseau, Chambertin
Armand Rousseau, Chambertin Clos De Beze
Comte Vogue, Musigny Vv
Domaine Clos Tart, Clos Tart
Domaine Leroy, Clos Vougeot
Domaine Leroy, Vosne Romanee Beaumonts
Domaine Ponsot, Clos Roche Vv
DRC, Richebourg
DRC, Romanee Conti
DRC, Tache
Francois Lamarche, Grande Rue

2001
2015
2016
2014
2016
2015
2015
2016
2014
2015
2015
2015

Coche Dury, Meursault

2016

Domaine Leflaive, Chevalier Montrachet

2016

Domaine Leflaive, Puligny Montrachet Clavoillon

2015

Raveneau, Chablis Montee Tonnerre
Krug, Vintage Brut
Louis Roederer, Cristal
Louis Roederer, Cristal
Moet & Chandon, Dom Perignon
Moet & Chandon, Dom Perignon
Moet & Chandon, Dom Perignon
Pol Roger, Sir Winston Churchill
Taittinger, Comtes Champagne
Taittinger, Comtes Champagne
Bartolo Mascarello, Barolo

2016
2004
2008
2009
2006
2008
2009
2008
2006
2007
2014
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Italy
Italy
Italy
Italy
Italy
Italy
Italy
Italy
Italy
Italy
Italy
Italy
Italy
Rhone
Rhone
Rhone
Rhone
Rhone
Rhone
Spain
United States
United States
United States

Brovia, Barolo Villero
Gaja, Sperss
Giacomo Conterno, Barolo Riserva Monfortino
Masseto
Masseto
Ornellaia
Ornellaia
Sassicaia
Sassicaia
Sassicaia
Solaia
Tignanello
Tignanello
Beaucastel, Chateauneuf Du Pape
Beaucastel, Chateauneuf Du Pape Hommage J Perrin
Clos Papes, Chateauneuf Du Pape
Domaine Jean Louis Chave, Hermitage
Guigal, Cote Rotie (av price, production combined)
Paul Jaboulet Aine, Hermitage Chapelle
Vega Sicilia, Unico
Dominus
Opus One
Screaming Eagle, Cabernet Sauvignon
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2013
2010
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2013
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2014
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2016
2015
2015
2016
2015
2012
2016
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2015
2015
2009
2015
2015
2015
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Appendix J – Refined Model Portfolio: Optimal Weights from Sharpe Ratio Optimization
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Appendix K – Just Collectibles Model: Optimal Weights from Sharpe Ratio Optimization
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Appendix L – Just Blue Chip Model: Optimal Weights from Sharpe Ratio Optimization
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Appendix M – Just Traditional Model: Optimal Weights from Sharpe Ratio Optimization
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Appendix N – Portfolio Metrics from Sharpe Ratio Optimization
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Appendix O –Skew Optimization Portfolio Metrics
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Appendix P – Optimal Weights for Skew Optimization
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Appendix Q – Portfolio Metrics for Kurtosis Optimization
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Appendix R – Optimal Weights for Kurtosis Optimization
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Appendix S – Historical Returns
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